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ABSTRACT 



It is an object of the present invention to provide a trans- 
mitter which is inexpensive and small in size and is reduced 
in power dissipation and besides wherein the output power 
of a power amplifier can be varied to an arbitrary value. A 
phase modulator, a variable attenuator, a high power ampli- 
fier, a directional coupler, a detector, an error amplifier, a 
switch and an analog multiplier form an envelope feedback- 
loop. The envelope feedback loop controls an envelope of a 
modulated wave detected by the detector so that a base band 
signal and the envelope of the modulated wave may coincide 
with each other. The circuits mentioned above, a smoothing 
circuit, another error amplifier, another switch and an adder 
form an operation point feedback loop. The operation point 
feedback loop smoothes an error of an output envelope 
detection signal of the detector and controls so that the 
smoothed error may be in the minimum. 

5 Claims, 7 Drawing Sheets 



1 1 



12 




BUFFER 
AMP. 



19 



20 

X 



13 
f 



PHASE 
MODULATOR 



X 

T 




16 



36 

directionaJ Js 

COUPLER 



DETECTOR 




RECTIRER 



22 



32 




ERROR 



29 



RMS 
SMOOTHING 

ciRCurr 



17 



04/12/2003, EAST Version: 1.03.0002 



U.S. Patent sep. 3, 1996 sheet 1 of 7 5,553,318 



FIG.l 

PRIOR ART 



1 



AGC 
CIRCUIT 



ENVELOP 

DETECTION 

CIRCUIT 

~~r- 

6 



jL 



PHASE 
MODULA- 
TION 
QRCUIT 







DIFFEREN- 
TIAL 

AMPLIFIER 









T 



X 



POWER 
AMPLIFIER 



ENVELOP 

DETECTION 

CIRCUIT 



8 



04/12/2003, EAST Version: 1.03.0002 



U.S. Patent 



Sep. .3, 1996 Sheet 2 of 7 



5,553^18 




04/12/2003, EAST Version: 1.03.0002 



U.S. Patent sep. 3, 1996 sheet 3 of 7 5,553,318 



11 



19 

i 



20 



FIG.3 



/~\_BUFFERv>__ 



13 

L_ 

PHASE 



X 




RECTIFIER 







22 



MODULATOR^ ATTENUATOR 



14 

_L 



VARIABLE 



16- 



rror\,26 

AMP. 




-25 




— <2) 



DIRECTIONAL 
COUPLER 



DETECTOR 



17 




29 
J_ 



RMS 
SMOOTHING 
CIRCUIT 



,30 

o 



04/12/2003, EAST Version: 1.03.0002 



U.S. Patent 



Sep. 3, 1996 Sheet 4 of 7 



5,553,318 



19 

L 



20 



30 



FIG.^ 




13 



PHASE 

MODULATOR 



21 



X 




X 




RECTIFIER 






22 



16 



DIRECTIONAL 
COUPLER 



35 



DETECTOR 




29 



RMS 
SMOOTHING 
CIRCUIT 



17 



REGULATED 
VOLTAGE - 
SOURCE 

zu — 



31 



04/12/2003, EAST Version: 1.03.0002 



U.S. Patent 



Sep. 3, 1996 



Sheet 5 of 7 



5,553,318 




FIG.5 

13 . 14 
J 1 



PHASE 
MODULATOR 



19 

I 



21 



X -J 



20 



X 



RECTIFIER 



22 



,30 



VARIABLE 
ATTENUATOR 




16- 



DIRECTIONAL 
COUPLER 



-1^ 




:RROf 
AMP. 



26 



DETECTOR 



SMOOTHING 
CIRCUIT 



'25 




17 




29 



RMS 
SMOOTHING 
CIRCUIT 



REGULATED 
VOLTAGE - 
SOURCE 



31 



04/12/2003, EAST Version: 1.03.0002 



U.S. Patent 



Sep. 3, 1996 Sheet 6 of 7 



5,553,318 



1 1 



12 



FIG.6 

13 14 




BUFFEF 
AMP. 



1 



PHASE 
MODULATOR 



HOLD 
CIRCUIT 



19 

L 



21 



20 



23 



REGULATED 
VOLTAGE - 
SOURCE 



X 



b 
-d. 



RECTIFIER 



T" 

22 



33 



30 



L 



VARIABLE 
ATTENUATOR 



HICK" 
POWER^ 
AMB* 




I 



DIRECTIONAL 
COUPLER 



DETECTOR 



SMOOTHING 
CIRCUIT 



-25 





29 



RMS 
SMOOTHING 
CIRCUIT 



17 



REGULATED 
VOLTAGE - 
SOURCE 



31 



04/12/2003, EAST Version: 1.03.0002 



U.S. Patent 



Sep. 3, 1996 



Sheet 7 of 7 



5,553 



FIG.7 



(MW) 



UJ 

(9 
< 

!: 

o 
> 

o 

UJ 

O 
Ul 

I- 

UJ 

O 

I- 
3 
a. 
H- 
D 
O 



INPUT SIGNAL POWER 



(MW) 




04/12/2003, EAST Version: 1.03.0002 



5,553.318 



TRANSMITTER HAVING ENVELOPE 
FEEDBACK LOOP AND AUTOMATIC LEVEL 
CONTROL LOOP 



FIELD OF THE INVHmON 

This invention relates to a transmitter and more particu- 
larly to a transmitter which transmits a signal power ampli- 
fied by a power amplifier. 



BACKGROUND OF THE INVENTION 

As a modulation system for a transmitter in the field of 
mobile communications in a microwave band or mobile 
satellite communications, a narrowband linear modulation 
system such as four-phase shift keying (QPSK) or tc/4 shift 
QPSK is adopted for a modulation system for a modulator 
in a transmitter in order to achieve effective utilization of 
frequency resources and' reduction in transmission distor- 
tion. 

Not only transmitters of the type mentioned are required 
to transmit modulated waves of a narrow band,- but also a 
power amplifier thereof which amplifies a modulated wave 
is required to perform a strictly linear operation in order to 
assure an improved expansion of a spectrum of modulated 
waves. Accordingly, efforts for improvement of conven- 
tional transmitters have been directed to the elevation of the 
saturation level of the ou^ut of a power amplifier and the 
improvement of the linearity of the output. 

Where a power amplifier having a non-linear phase char- 
acteristic is used, a transmitter which employs an automatic 
gain control (AGC) circuit and a phase modulation circuit as 
shown in FIG. 1 to suppress the expansion of a spectrum is 
conventionally known (Japanese Patent Laid-Opcn Appli- 
cation No. Heisei 4- 287457, the tide of the invention: 
'Thase Compensation System for Power Amplifier"). 

In the conventional transmitter just mentioned, as shown 
in FIG. 1, a modulated wave inputted by way of input 
terminal 1 and having a comparatively small amplitude 
distortion is supplied to AGC circuit 2, and simultaneously, 
an envelope of the modulated wave is detected by envelope 
detection circuit 6. The output modulated wave of AGC 
circuit 2 is phase modulated by phase modulation circuit 3 
and then supplied to power amplifier 4, by which it is power 
amplified. The output signal of power amplifier 4 is output- 
ted to output terminal 5 and simultaneously supplied to 
envelope detection circuit 8. 

Differential amplifier 7 compares the envelope detection 
signal of the input modulated wave having a comparatively 
small amplitude distortion, which is inputted from envelope 
detection circuit 6, with the envelope detection signal of the 
modulated wave having an amplitude distortion generated 
upon amplification by power amplifier 4, which is inputted 
from envelope detection circuit 8, and consols the gain of 
AGC circuit 2 with a signal of difference between the 
envelope detection signals. Consequently, an amplitude dis- 
tortion generated upon amplification of power amplifier 4 is 
suppressed 

Further, the envelope detection signal outputtcd from 
envelope detection circuit 6 is supplied to phase modulation 
circuit 3, and phase modulation circuit 3 controls power 
amplifier 4 so that it performs phase modulation of a 
chsuracteristic opposite to the phase characteristic of power 65 
amplifier 4. Consequently, a phase distortion of die output 
signal generated by power amplifier 4 is suppressed, and 



degradation of the carrier power to noise power ratio (C/N) 
is reduced. 

However, in the conventional transmitter which controls 
the expansion of a spectrum by raising the saturation level 
5 of the output of the power amplifier or by improving the 
linearity of the output, an increased cost is required for the 
power amplifier. Further, since the power dissipation 
increases, a large heat radiation mechanism is required, 
resulting in increase of the overall size of the entire trans- 
it mitter. 

Further, the conventional transmitter shown in FIG. 1 
requires an expensive high frequency detection circuit for 
each of envelope detection circuit 6 and envelope detection 
circuit 8 provided on the input side and the output side of the 
transmitter, respectively, because the signal inputted to input 
terminal 1 is a phase modulated wave of a high frequency. 
Further, since the' conventional transmitter requires two 
phase modulation circuits including another phase modula- 
tion circuit not shown, it is disadvantageous in tiiat it 
requires a high cost. The conventional transmitter is disad- 
vantageous also in that it cannot have variable output power. 

SUMMARY OF THE INVENTION 

The present invention has been made to eliminate die 
disadvantages described above, and it is an object of the 
present invention to provide a transmitter which is inexpen- 
sive and small in size and is reduced in power dissipation. 

It is another object of the present invention to provide a 
transmitter which is always controlled to operate at an 
optimum operation point automatically and can achieve a 
stabilized distortion improvement effea even where the 
output level varies. 

It is a further object of the present invention to provide a 
transmitter wherein the output power of a power amplifier 
can be varied to an arbitrary value. 

It is a still fimher object of die present invention to 
provide a transnutter which can prevent increase of a dis- 
tortion even if the output level varies over a wide range and 
can prevent the output level from varying discontinuously. 

In order to attain the objects described above, according 
to the present invention, there is provided a transmitter, 
which comprises a modulator for lineariy modulating a 
carrier from an oscillator with a modulating signal and 
outputting a modulated wave, a power amplifier for power 
amplifying the output modulated wave of the modulator, a 
directional coupler for branching the power amplified modu- 
lated wave from the power anq)lifier into two branched 
modulated waves, one of which is outputtcd to a transmis- 
sion outputting dement, a detector for detecting an envelope 
of the other brainched modulated wave from the directional 
coupler, first error signal generating means for generating 
and outputting an error signal between a smoothed signal of 
the output detection signal of the detector and a first refer- 
ence voltage, a first multiplier for multiplying the error 
output signal of the first error signal generating means and 
a band-limited base band signal, second error signal gener- 
ating means for generating and outputting an error signal 
between the output detection signal of the detector and a full 
wave rectified signal of an output signal of the first multi- 
plier, and a second multiplier for multiplying the error output 
signal of the second error signal generating means and the 
base band signal and supplying a result of the multiplication 
as the modulating signal to the modulatoL 

The transmitter of the present invention may further 
comprise a variable attenuator for attenuating the output 
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signal of the modulator in accordance with a control signal 
and oulpulting the attenuated signal to the power amplifier, 
and a smoothing circuit for smoothing the error output signal 
of the second error signal generating means and outputting 
a signal obtained by the smoothing as the control signal to s 
the variable attenuator. 

The transmitter of the present invention may fimher 
comprise voltage varying means for varying the first refer- 
ence voltage to be inputted to the first error signal generating 
means to a variable reference voltage. 10 

The transmitter of the present invention may further 
comprise a first smich for outputting the error output signal 
of the first error signal generating means to the first multi- 
plier when output power of the power amplifier is equal to 
or higher than a predetermined value but outputting, when 
the output power is lower than the predetermined value, the 
error output signal of the first error signal generating means 
as the control signal to the variable attenuator, a second 
switch for outputting the error output signal of the second 
error signal generating means to the second multiplier when 
the output voltage is equal to or higher than the predeter- 
mined value but outputting. when the output power is lower 
than the predetermined value, a. second reference voltage to 
the second multiplier, and a third switch for outputting the 
output signal of the smoothing circuit to the variable attenu- ^ 
alor when the output power is equal to or higher than the 
predetermined value but intercepting, when the output 
power is lower than the predetermined value, outputting of 
the output signal of the smoothing circuit to the variable 
attenuator. 

In the U^nsmitter of the present invention, a feedback loop 
formed from the modulator, the power amplifier, the detec- 
tor, the second error signal generating means and the second 
multiplier constructs an envelope feedback loop, and con- 
trols so that the base band signal and the envelope of the 
modulated wave may be same as each other. Further, by 
means of a loop formed from the detector, the first error 
signal generating means and the first multiplier, the refer- 
ence amplimde of the envelope feedback loop to be supplied ^ 
from the first multiplier to the second error signal generating 
means can be made as a variable amplitude. 

Further, in the transmitter of the present invention, 
another feedback loop formed from the variable attenuator, 
the power amplifier, the detector, the second error signal 45 
generating means and the smoothing circuit constructs an 
operation point feedback loop, and controls so that the 
smoothed value of the error output signal of the second error 
signal generating means may be in the minimum. 

Further, in the transmitter of the present invention, since 50 
the first reference voltage can be made a variable reference 
voltage by the voltage varying means, the reference ampli- 
tude of the envelope of the envelope feedback loop can be 
varied arbitrarily. 

Furthermore, in the transmitter of the present invention, 55 
when the output power of the power amplifier is lower than 
the predetermined value, the envelope feedback loop andthe 
operation point feedback loop can be opened by means of 
the first to third switches while a feedback loop by which the 
error output signal of the first error signal generating means ^ 
is inputted as the control signal to the variable attenuator can 
be formed. 



BRIEF DESCRIPTION OF THE DRAWINGS 
no. 1 is a block diagram of. a conventional example; 
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FIG. 2 is a block diagram of a first embodiment of the 
present invention; 

FIG. 3 is a block diagram of a second embodiment of the 
present invention; 

FIG. 4 is a block diagram of a third embodiment of the 
present invention; 

FIG. 5 is a block diagram of a fourth embodiment of the 
present invention; 

FIG. 6 is a block diagram of a fifth embodiment of the 
present invention; 

FIG. 7 is a diagram showing an example of an input signal 
power to output detected voltage characteristic of a detector 
of FIG. 2; and 

FIG. 8 is a diagram showing an example of an input 
voltage to output voltage characteristic of a rectifier of FIG. 
2. 

EMBODIMENTS 

Embodiments of the present invention are described 
below with reference to the drawings. FIG. 2 is a block 
diagram of the first embodiment of the present invention. As 
shown in RG. 2. the embodiment of the present invention 
includes oscillator 11, buflfer amplifier 12, phase modulator 
13. high power amplifier (HPA) 15, dkectional coupler 16, 
detector 17, error amplifiers 18 and 32, analog multipliers 20 
and 21. rectifier (full wave rectifier) 22, reference voltage 
terminal 30 and RMS smoothing circuit 29. 

Oscillator 11 oscillates and outputs a carrier of a prede- 
termined frequency. Phase modulator 13 modulates the 
carrier in accordance with a predetermined phase modula- 
tion system, for example, a BPSK (Binary Phase Shift 
Keying) system. High power amplifier 15 power ampUfies 
an input signal thereto with a high efficiency. Detector 17 
detects an envelope of an input signal thereto. 

A first feedback loop formed from phase modulator 13, 
high power amplifier 15, directional coupler 16, detector 17, 
error amplifier 18 and analog multiplier 21 constructs an 
envelope feedback loop. The circuits forming the envelope 
feedback loop have characteristics that they operate at a rate 
sufficiently higher (higher by 10 times or more) than the rate 
(for example, 64 kbps) at which a modulated signal is to be 
transmitted. Analog multiplier 21 is provided to vary the 
reference value for the envelope feedback loop to vary the 
output power of the transmitter. 

Further, directional coupler 16, detector 17, RMS smooth- 
ing circuit 29, error amplifier 32 and analog multiplier 20 
form an ALC loop. The ALC loop is constructed so as to 
adjust the operation rate of one of the components thereof 
which may operate at the lowest rate (for example, RMS 
smoothing circuit 29 or error amplifier 32) so that the circuit 
may operate at a rate at which a modulating signal can be 
smoothed (for example, at a rate lower than one tenth the 
rate of the modulating signal). 

The reference voltage is inputted from reference voltage 
terminal 30 so as to adjust the output of transmission power 
of the transmitter. 

Next, operation of the present embodiment is described 
First, a signal of a high frequency oscillated and outputied 
from oscillator 11 is inputted as a carrier to phase modulator 
13 by way of buffer amplifier 12. Meanwhile, a band-limited 
base band signal is inputted from input terminal 19 and 
supplied to analog multipliers 20 and 21. Analog multiplier 
21 multiplies the input base band signal and the output signal 
of error amplifier 18. which will be hereinafter described, 
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inputted thereto, and supplies a result of the multiplication 
as a modulating signal to phase modulator 13. 

Phase modulator 13 performs BPSK modulation of the 
input modulating signal wherein the phase of the carrier 
from buffer amplifier 12 is changed to 0 degree and 180 5 
degrees corresponding to "1" and **0" of the logic value of 
the input modulating signal* respectively, and supplies a thus 
obtained modulated wave of a fixed amplitude to high power 
amplifier 15. 

The modulated wave power-amplified by high powCT lo 
amplifier 15 to a level required for transmission is branched 
by directional coupler 16, and one of the branched modu- 
lated waves is outputted to output terminal 36 while the 
other branched modulated wave is envelope detected by 
detector 17 and then supplied to error amplifier 18 and RMS jj 
smoothing circuit 29. Meanwhile, analog multiplier 20 mul- 
tiplies the base band signal from input terminal 19 and the 
output signal of error amplifier 32, which will be hereinafter 
described, inputted thereto and supplies a result of the 
multiplication to rectifier 22. ^ 

Enor amplifier 18 amplifies an eiror signal between the 
envelope detection signal from detector 17 and the output 
signal of analog multiplier 20 full wave rectified by rectifier 
22 and supplies the Urns amplified error signal to analog 
multiplier 21. Accordingly, the caiiier inputted to phase 
modulator 13 is phase modulated with a signal obtained by 
multiplying the error signal obtained by error amplifier 18 
and the base band signal from input terminal 19 by means of 
analog multiplier 21 of the envelope feedback loop. 

Here, detector 17 has such an input signal power to output 
detected voltage characteristic as shown in FIG. 7. As can be 
seen from FTG. 7. since a diode is normally used for detector 
17, the input signal power to output detected voltage char- 
acteristic of it does not exhibit a linear characteristic but 
exhibits a non-linear characteristic corresponding to the 
diode characteristic. 

Meanwhile, since the input voltage to rectifier 22 corre- 
sponds to the amplitude of the input voltage to detector 17, 
the input voltage to output voltage characteristic of rectifier 
22 is set so as to correspond to the input signal voltage to ^ 
output detected voltage characteristic of detector 17 as 
shown in FIG. 8. Accordingly, the envelope feedback loop 
controls the envelope so that the base band signal may 
coincide with the envelope of the modulated wave detected 
by detector 17, 

Further, in the present embodiment, the output envelope 
detection signal of detector 17 is smoothed in root mean 
square value (RMS) thereof by RMS smoothing circuit 29 
and then supplied to error amplifier 32, by which an error 
between the smoothed root mean square value (RMS) firom 50 
RMS smoothing circuit 29 and a first reference voltage fi:t)m 
reference voltage terminal 30 is detected and amplified. The 
error signal from error amplifier 32 is supplied to analog 
multiplier 20. By analog multiplier 20, the error signal is 
multiplied by the base band signal from input terminal 19, 55 
and a thus obtained multiplicadon result signal is full wave 
rectified by rectifier 22 and inputted as a reference amplimde . 
signal for the envelope feedback loop to error amplifier 18. 

Accordingly, in die present embodiment, even if a varia- 
tion of the gain of high power amplifier 15 or the like occurs, 60 
the reference amplitude signal for the envelope feedbade 
loop is controlled by the ALC loop which feeds back so that 
the smoothed level of die root mean square value of the 
envelope detection signal and the first reference voltage may 
coincide with each other, and consequcndy, fixed output 65 
power corresponding to die first reference voltage is 
obtained at output terminal 36. 



25 



30 



35 



Next, in the. second embodiment of die present invention, 
variable attenuator 14, error amplifier 26 and smoothing 
circuit 25 are additionally provided as shown in FIG. 3. 
Variable attenuator 14 attenuates an input signal thereto with 
an attenuation rate corresponding to the output signal of 
error amplifier 26. 

Further, a second feedback loop formed from variable 
attenuator 14. high power aii^)lifier 15, directional coupler 
16, detector 17, error art^)lifier 18. smooUiing circuit 25 and 
error amplifier 26 constructs an operation point feedback 
loop. The operation point feedback loop is constructed so as 
to adjust the operation rate of one of the components tiiereof 
which may operate at the lowest rate (for example, smooth- 
ing circuit 25 or error amplifier 26) so that the circuit may 
operate at a rate at which the automatic level control (ALC) 
loop, which will be hereinafter described, does not diverge 
(for example, at a rate lower than one tenth the rate of the 
ALC loop). 

Phase modulator 13 performs BPSK modulation of the 
input modulating signal wherein the phase of the carrier 
&om buffer amplifier 12 is changed to 0 degree and 180 
degrees corresponding to "1" and **0'* of the logic value of 
the input modulated signal, and supplies a thus obtained 
modulated wave of a fixed amplitude, to variable attenuator 
14. Variable attenuator 14 attenuates the input modulated 
wave with an attenuation rate corresponding to the output 
signal of error amplifier 26 which will be hereinafter 
described and supplies the attenuated modulated wave to 
high power amplifier IS. 

Further, in the second embodiment, the error output signal 
of error amplifier 18 is supplied also to smoothing circuit 25, 
by which it is smoothed (integrated). Then, the output of 
smoothing circuit 25 is amplified by error amplifier 26 and 
supplied as a control signal to variable attenuator 14. 
Accordingly, the aforementioned operation point feedback 
loop which controls the variable attenuator 14 smoothes the 
error of die output envelope detection signal of detector 17 
and controls variable attenuator 14 so that the smoothed 
error may exhibit a minimum value. 

Meanwhile, in the third embodiment and the fourth 
embodiment of the present invention, as shown in FIGS. 4 
and 5, the first reference voltage outputted from regulated 
voltage source 31 can be varied as variable reference voltage 
in accordance with an output level control signal from 
reference voltage terrninal 30, and consequendy, the modu- 
lated wave power level to be outputted to output terminal 36 
can be varied as variable modulated wave power level in 
accordance with die output level control signal. The output 
modulated wave of output terminal 36 is transmitted from a 
transmission outputting element not shown. 

Next, the fifth embodiment of the present invention is 
described with reference to FIG. 6. As shown in FIG. 6. in 
the fifth embodiment of die present invention, switches 23, , 
27 and 34, regulated voltage source 24, adder 28 and hold 
circuit 35 are added to the construction of the block diagram 
of the fourth embodiment 

Each of switches 23, 27 and 34 is switched to one of 
terminals a and b in accordance with a switch control signal 
inputted thereto by way of input terminal 33. Regulated 
voltage source 24 generates and outputs a predetermined 
second reference voltage lo one of the terminals of switch 
23. 

Operation of the fifth embodiment is described below. It 
is assumed that, in accordance widi a switch control signal 
inputted from input terminal 33. each of switches 23, 27 and 
34 is first connected to terminal a side as shown in FIG. 6. 
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Consequently, the output signal of error an^lifier 18 is 
inputted to one of a pair of input terminals of analog 
multiplier 21; the output signal of error amplifier 26 is 
inputted to one of a pair of input terminals of adder 28; and 
the output signal of error amplifier 32 is inputted to one of 5 
a pair of input tmninals of analog multiplier 20. 

A signal of a high frequency oscillated and outputted from 
oscillator 11 is inputted as a carrier to phase modulator 13 by 
way of bufificr amplifier 12. Meanwhile, a band-limited base 
band signal is inputted from input terminal 19 and supplied lo 
to analog multipliers 20 and 21. Analog multiplier 21 
multiplies the inputted base band signal and the output 
signal of error amplifier 18, which will be hereinafter 
described, inputted thereto by way of switch 23. and sup- 
plies a result of the multiplication as a modulating signal to IS 
phase modulator 13. 

Phase modulator 13 performs BPSK modulation of the 
input modulating signal wherein the phase of the cairier 
from bu£fer amplifier 12 is changed to 0 degree and 180 
degrees corresponding to "1" and "0" of the logic value of ^0 
the input modulating signal, respectively, and supplies a thus 
obtained modulated wave of a fixed amplitude to variable 
attenuator 14. Variable attenuator 14 attenuates the inputted 
modulated wave with an attenuation rate corresponding to 
the output signal of adder 28, which will be hereinafter ^5 
described, and supplies the attenuated modulated wave to 
high power amplifier 15. . 

The modulated wave power-amplified by high power 
amplifier 15 to a level required for transmission is branched 
by directional coupler 16, and one of the branched modu- 
lated waves is outputted to output terminal 36 while the 
other branched modulated wave is envelope detected by 
detector 17 and then supplied to error amplifier 18 and RMS 
smoothing circuit 29. Meanwhile, analog multiplier 20 mul- 
tiplies the base band signal from input terminal 19 and the 
output signal of error amplifier 32, which will be hereinafter 
described, inputted thereto by way of switch 34 and supplies 
a result of the muIdpUcation to rectifier 22. 

Error amplifier 18 amplifies an error signal between the ^ 
envelope detection signal from detector 17 and the output 
signal of analog multiplier 20 full wave rectified by rectifier 
22 and supplies the thus amplified error signal to analog 
multiplier 21 by way of switch 23. Accordingly, the carrier 
inputted to phase modulator 13 is phase modulated with a 
signal obtained by multiplying the error signal obtained by 
error amplifier 18 and the base band signal from input 
terminal 19 by means of analog multiplier 21 of the envelope 
feedback loop described above. 

Further, in the present embodiment, the error output signal 50 
of error amplifier 18 is supplied also to and smoothed 
(integrated) by smoothing circuit 25 and then amplified by 
enror amplifier 26, whereafter it is supplied as a control 
signal to variable attenuator 14 by way of switch 27 and 
adder 28. Accordingly, the aforementioned operation point 55 
feedback loop which controls the variable attenuator 14 
smoothes the error of the output envelope detection signal of 
detector 17 and controls variable attenuator 14 so that the 
smoothed error may exhibit a minimum value. 

Furthermore, in the present embodiment, the output enve- 60 
lope detection signal of detector 17 is smoothed in root mean 
square value (RMS) thereof by RMS smoothing circuit 29 
and then supplied to error amplifier 32, by which an error 
between the smoothed root mean square value (RMS) firom 
RMS smoothing circuit 29 and a first reference voltage from 65 
reference voltage source 31 is detected and amplified. The 
enor signal firom error amplifier 32 is supplied to analog 



multiplier 20 by way of switch 34. By analog multiplier 20, 
the error signal is multiplied by the base band signal firom 
input terminal 19, and a thus obtained multiplication result 
signal is fiill wave rectified by rectifier 22 and inputted as a 
reference amplitude signal for the envelope feedback loop to 
error amplifier 18. 

Accordingly, even if a variation of the gain of high power 
amplifier IS or the like occurs, the reference anq)litude 
signal for the envelope feedback loop is controlled by the 
ALC loop which feeds back so that the smoothed level of the 
root mean square value of the envelope detection signal and 
the first reference voltage may coincide with each other, and 
the envelop feedback loop controls so that fixed output 
power corresponding to the first reference voltage is 
obtained at output terminal 36. 

In this manner, with the present embodiment, whm 
switches 23. 27 and 34 are individually connected to termi- 
nal a side in accordance with the switch control signal from 
input terminal 33, an amplitude distortion which is produced 
by high power amplifier 15 is eliminated by the envelope 
feedback loop. Further, since the operation point of the 
operation point feedback loop is automatically controlled to 
an optimum operation point by the ALC loop, a stabilized 
distortion improvement effect can be obtained even when 
the output level varies. 

Next, operation of the present embodiment when switches 
23, 27 and 34 are individually switched and connected to 
terminal b side in accordance with the switch control signal 
from input terminal 33. As a result of the connection, the 
second reference voltage of regulated voltage source 24 is 
inputted to one of the input terminals of analog multiplier 
21; one of the input terminals of adder 28 is substantially 
opened; and the output signal of error amplifier 32 is 
supplied not to analog multiplier 20 but to hold circuit 35, 
In other words, both of the envelope feedback loop and the 
operation point feedback loop are opened. 

In this instance, the error signal between the smoothed 
level of the root mean square value of the envelope detection 
signal and the second reference voltage generated by error 
amplifier 32 is supplied by way of switch 34 to and held by 
hold circuit 35 and is then supplied as a conu-ol signal to 
variable attenuator 14 by way of adder 28. Accordingly, 
when switches 23, 27 and 34 are individually switched and 
connected to terminal b side, an ordinary ALC loop is 
formed, and consequendy, even if the output level varies 
over a wide range, a power-amplified modulated wave of a 
stabilized level is obtained at output terminal 36 without 
causing degradation in an^litude distortion or variation of 
the output level. 

If the output level of output terminal 36 drops, then since 
the input voltage to output voltage characteristic of rectifier 
22 and the input signal voltage to output detected voltage 
characteristic of detector 17 are displaced firom each other, 
the distortion improvement effect by the envelope feedback 
loop and the operation point feedback loop is decreased and, 
in the worst case, deteriorated. However, by switching and 
connecting switches 23, 27 and 34 to terminal b side 
individually in accordance with a switch control signal to 
open both of the envelope feedback loop and the operation 
point feedback loop so as to form an ordinary ALC loop as 
described above, a power-amplified modulated wave of a 
stabilized level is obtained at output terminal 36. 

In this maimer, with the preseru embodiment, since a 
distortion generated by high power amplifier 15 can be 
reduced remarkably, the specifications for the saturation 
output and the linearity of high power amplifier 15 can be 
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moderated. Further, since mere single circuits of phase 
modulator 13 and detector 17 are required as a phase 
modulator and an envelope detector for a high frequency and 
most of the other circuits can be formed as an integrated 
circuit (IC), the power dissipation can be reduced from that 5 
of conventional transmitters and the transmitter can be 
constructed with a small size. 

It is to be noted that the present invention is not limited 
to the embodiments described above. For example, a peak 
hold dicuit may be used for smoothing in place of RMS 10 
smoothing circuit 29. Further, it is possible in principle to 
adopt, as a modulation system for a modulator, a linear 
modulation system such as a four phase shift keying (QPSK) 
system or an amplitude modulation system. Further, while, 
in the embodiments described above, an envelope feedback 15 
loop, an operation point feedback loop and an ALC loop are 
provided, the operation point feedback loop need not nec- 
essarily be provided. 

As described above, according to the present invention, 
since the envelope feedback loop controls so that the base 
band signal and the envelope of the modulated wave may be 
same as each other and the reference amplitude of the 
envelope feedback loop to be supplied from the first multi- 
plier to the second error signal generating means can be 
varied by the ALC loop formed from the detector, the first 25 
error signal generating means and the first multiplier, an 
amplitude distortion produced by the power amplifier can be 
improved very much, and a modulated wave of a fixed 
power which depends upon the first reference voltage irre- 
spective of a variation of the gain of the power amplifier and 30 
so forth can be outputted to an output terminal. 

Further, due to the distortion improvement effect, the 
specifications for the saturation output and the linearity of 
the power amplifier can be moderated. Further, since most of 
tiie circuits can be formed as an integrated circuit, the 
transmitter can be produced with a less expensive construc- 
tion of reduced power dissipation and a reduced size com- 
paring with conventional transmitters. 

Further, according to the present invention, since the ^ 
operation point feedback loop controls so that the smoothed 
value of the error output signal of the second error signal 
generating means may be in the minimum, the operation 
point of the operation point feedback loop is always con- 
trolled to an optimum control point automatically, and a 
stabilized distortion improvement effect can be obtained 
even when the oulput level varies. 

Further, according to the present invention, since the first 
reference voltage can be varied by the voltage varying 
means, the reference amplitude of the envelope of the 50 
envelope feedback loop can be varied arbitrarily, and con- 
sequently, the output power of the power amplifier can be 
varied to an arbitrary value. 

Furthermore, according to the present invention, since, 
when the output power of the power amplifier is lower than 55 
the predetermined value, the envelope feedback loop and the 
operation point feedback loop are opened while a feedback 
loop by which the error output signal of the first error signal 
generating means is inputted as the control signal to the 
variable attenuator is formed by means of the first to third 60 
switches, when the output voltage is equal to or higher than 
the predetermined value, a distortion improvement effect by 
the envelope feedback loop and the operation point fecdbaci 
loop is obtained, but when the output power is at a level 
lower than the predetermined value and an insuScient 65 
distortion improvement effect is provided by the envelope 
feedback loop and the operation point feedback loop, an 
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ordinary ALC operation is performed. Consequently, it can 
be prevented thai, even if the output level varies over a wide 
range, a distortion is deteriorated or the output level varies 
discontinuously. 
What is claimed is: 

1. A transmitter, comprising: 

a modulator for lineariy nmdulating a carrier from an 
oscillator with a modulating signal and outputting a 
modulated wave; 

a power amplifia* for power amplifying the output modu- 
lated wave of said modulator, . 

a directional coupler for branching the power amplified 
modulated wave from said power amplifier into two 
branched modulated waves, one of which is outputted 
to a transmission outputting element; 

a detector for detecting an envelope of the other branched 
modulated wave from said directional coupler, 

first error signal generating means for generating and 
outputting an error signal between a smoothed signal of 
the output detection signal of said detector and a first 
reference voltage; 

a first multiplier for multiplying the error output signal of 
said first error signal generating means and a band- 
linuted base band signal; 

second error signal generating means for generating and 
outputting an error signal between the output detection 
signal of said detector and a full wave rectified signal 
of an output signal of said first multiplier, and 

a second multiplier for multiplying the error output signal 
of said second error signal generating means and the 
base band signal and supplying a result of the multi- 
plication as the modulating signal to said modulator. 

2. A transmitter as claimed in claim 1, further comprising: 

a variable attenuator for attenuating the output modulated 
wave of said modulator in accordance with a control 
signal and outputting the attenuated signal to said 
power amplifier, and 

a smoothing circuit for smoothing the error output signal 
of said second error signal generating means and out- 
putting a signal obtained by the smoothing as the 
control signal to said variable attenuator. 

3. A transmitter as claimed in claim 2, further comprising: 
voltage varying means for varying the first reference 

voltage to a variable reference voltage to be inputted to 
said fint error signal generating means. 

4. A transmitter as claimed in claim 2, further comprising: 
a first switch for outputting tiie error output signal of said 

first error signal generating means to said first multi- 
plier when output power of said power amplifier is 
equal to or higher than a predetermined value but 
outputting, when the output power is lower than the 
predetermined value, the error output signal of said first 
error signal generating means as the control signal to 
said variable attenuator, 
a second switch for outputting the error output signal of 
said second error signal generating means to said 
second multiplier when the output power is equal to or 
higher than the predetermined value but outputting, 
when the output power is lower than the predetermined 
value, a second reference voltage to said second mul- 
tiplier; and 

a third switch for outputting the output signal of said 
smoothing circuit to said variable attenuator when the 
output power is equal , to or higher than the predetcr- 
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mined, value but intercepting, when the output power is 
lower than the predetermined value, outputting of the 
output signal of said smoothing circuit to said variable 
attenuator. 

5. A transmitter as claimed in claim 1, further comprising: 
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voltage varying means for varying the first reference 
voltage to a variable reference voltage to be inputted to 
said first error signal generating means. 
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